Analyses of the kininogen (KGNI molecule and KGN gene status in five Japanese families with high-molecular-weight (HMW) KGN deficiency were performed by the immunoblotting method with monoclonal antibodies to HMW-KGN, and by the Southern blotting method with the cDNA for human low-molecular-weight prekininogen. No molecular abnormality of KGN was detected in the DNA from four patients with total KGN deficiency or one patient with isolated HMW-KGN deficiency. In the former, the KGN gene ap-ORMAL HUMAN PLASMA contains two molecular N forms of kininogens (KGNs): high-molecular-weight (HMW) KGN and low-molecular-weight (LMW) KGN. Each protein consists of three domains: an amino terminal heavy chain, a bradykinin moiety, and a carboxyl terminal light chain. The cDNA sequences for human HMW-and LM W-prekininogens have been isolated, and the sequence determination indicated that human HMW-and LMWprekininogen mRNAs share an identical sequence throughout the 5'-untranslated region and the protein coding region for the signal peptide and the heavy chain up to the sequence encoding the 12 amino acids distal to the bradykinin sequence, which are common to HMW-and LMW-prekininogen mRNA. The two mRNAs then completely diverge from each
peared to be grossly normal at the level of the whole genome on Southern blotting. In isolated HMW-KGN deficiency, a partial deletion in intron 7 was found by restriction analyses of EcoRI. BamHI, Hindlll, Sea 1, and Sgl II fragments. This partial deletion is assumed to be related to an abnormality of the alternative RNA splicing events for HMW-prekininogen mRNA. 0 1990 by The American Society of Hematology.
data, and blood samples were kindly supplied by Drs K. Nakamura (Tottori University, School of Medicine), M. Munakata and S. Ohkubo (Kansai Medical University), K. Tsukai and H. Kohno (Tokushima Chuoh Hospital). The clot-promoting activity of HMW-KGN and prekallikrein, and the content of HMW-and LMW-KGN in the plasmas of these patients, are summarized in Table 1 .
Zmmunoblotting. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) in a discontinuous buffer system was carried out by a modification of the method of Laemmli,8 using 4% to 20% gradient gel (SDS-PAG Plate 4/20, vertical type DPEI2O; Daiichi Chemical Corp, Tokyo, Japan). Proteins were electrotransferred at 6 V/cm for 12 hours to nitrocellulose membrane (Toyo Roshi Kaisha, Ltd, Japan), according to the method of Towbin et al? Then, immunodetection of antigens bound to the nitrocellulose membrane was achieved by a double antibody reaction: the membrane was first reacted with MoAbs directed against HMW-KGN, HKG-H12, HKG-L7, or HKG-LI7" for 60 minutes. After being washed three times, the membrane was incubated with goat antimouse IgG (Avidin-biotin-complex; Vector, Burlingame, CA) and stained with 4-chloro-I-naphthol (Sigma Chemical Co, St Louis, MO). High molecular DNA samples were prepared by the method of Kunkel et all' from white blood cells of 20 mL blood samples anticoagulated with heparin. DNA samples of 5 pg were digested with restriction endonucleases (Nippon Gene, Toyama, Japan; Takara Biochemicals, Kyoto, Japan; and Bethesda Research Lab, Gaithersburg, MD) at a concentration of 2 U/pL. DNA fragments of normal subjects and patients were always electrophoresed on the same gels of 0.6%, 0.8%, or 1.2% agarose and transferred onto hybridization transfer membranes (H ybondTM-N, Amersham, UK) by Southern's method." The human LMW prekininogen cDNA (phKG36) used as a hybridization probe for the Southern blots was labeled by Random Primed DNA Labeling Kit (Boehringer Mannheim, Penzberg, West Germany) with ["PI-d-cytidine triphosphate (dCTP). Hybridization was carried out for over 12 hours at 65OC. The filters were washed and subjected to autoradiography at -7OOC for 24 hours with Fuji medical imaging RxDUP film (Fuji Photo Film Corp, Kanagawa, Japan).
Preparation of genomic DNA and Southern blotting.

RESULTS
Immunoblotting analysis of plasma in H M W -K G N deficiencies using MoAbs t o H M W -K G N .
MoAb HKG-H 12, reacting with domains 2 and 3 of the heavy chain (a common region of HMW-and LMW-KGN), recognized two distinct protein bands of purified HMW-KGN, a major band with an apparent molecular weight (mol wt) of 120,000 and a minor one with a mol wt of 105,000, and one band of purified LMW-KGN with a mol wt of 60,000. Two bands that (Fig 2) . The normal pattern for EcoRI consisted of five fragments with sizes of 19.0. 7.6. 6.4. 5.4. and 4.4 kb. In a patient affected with isolated HMW-KGN homozygous deficiency. the normal 7.6 kb fragment was absent. merging into the normal 6.4 kb fragment. which showed densitometrically double the intensity of fragments of the same size in normal individuals. In the heterozygous deficiency. the 7.6 kb fragment diminished at one-half of the intensity of the normal 7.6 kb fragment, and the merged 6.4 kb fragment appeared to overlap the normal fragment of the same size (Figs 2A. and 3A). The normal pattern for BumHl consisted of three fragments with sizes of 27.0.8.8. and 3.0 kb. In the homozygous deficiency of HMW-KGN alone. the normal 8.8 kb fragment was absent. being replaced by the abnormal 8.2 kb fragment. In the heterozygous deficiency. the abnormal 8.2 kb fragment was present in addition to the normal 8.8 kb fragment at one-half of the intensity of the fragments of the same sizes in normal patterns (Fig 2R) . However. Hindlll digestion showed no abnormal fragments in either homozygous or heterozygous deficiency of HMW-KGN alone (Fig 2C) .
Scu I or BgI I I digestion also showed the absence of normal fragments. being replaced by new abnormal fragments in the homozygous deficiency of HMW-KGN alone. although no abnormal fragments were seen in the homozygous deficiency of total KGN (Fig 2 D and E) . In the homozygous deficiency of HMW-KGN alone. the abnormal 13.0 kb fragmentofScu I digest replaced the normal 10.5 kb fragment. The normal 5.4 kb and 4.9 kb BgI I I fragments appeared to be absent. being replaced by the abnormal 4.9 kb and 4.6 kb fragments, respcctively (Fig 3R) . In the heterozygous deficiency, the abnormal 13.0 kb Scu 1 fragment was observed. in addition to the normal 10.5 kb fragment. The abnormal 4.6 kb and the 4.9 kb Bgl I1 fragment with double the intensity due to duplication by the normal 4.9 kb and the abnormal 4.9 kb fragments were also shown, in addition to the normal 5.4 kb fragment.
Restriction analysis using a number of other enzymes were Seen in these enzyme digests in these deficiencies as compared with normal individuals (data not shown).
M s p I polymorphism of HMW-KGN gene. Genomic
DNA samples from I5 unrelated healthy Japanese were screened to be digested with the above restriction enzymes for their ability to produce restriction fragment length polymorphism (RFLP) (Fig 4A) . Except M s p I. no other enzymes used in this study revealed RFLP. An Msp I digest of individuals showed three constant bands and two variable k U Y a 1 . 8 Q 1.3 bands of 3.2 kb and 2.5 kb. We estimated from analysis of a total of 48 DNA samples (23 males and 25 females) that the 3.2 kb and 2.5 kb bands detected occurred at frequencies of 0.70 and 0.30 in the normal population. respectively. However. we have envisaged that Msp l polymorphism would not be useful clinically in the diagnosis of the homozygous and heterozygous deficiency of HMW-KGN in the families of Hayashi's first case (Fujiwara trait)' and second case! In Nakamura's case (Tachibana trait),' further examinations of other family members will be needed. because a variable band of 3.2 kb showed in a normal subject was not detected in homozygous and heterozygous deficiencies (Fig 4B) .
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DISCUSSION
The presence of an abnormal KGN molecule in the plasma of patients with total KGN deficiency or isolated HMW-KGN deficiency was examined using MoAbs for the domains constituting HMW-KGN. Although no analysis using the MoAb directed against the light chain of LMW-KGN was performed, no bands in plasma samples from patients with total KGN deficiency or isolated HMW-KGN deficiency were detected with other MoAbs, including HKG-H12 directed against domains 2 and 3 of the heavy chain, a common region of HMW-and LMW-KGN; HKG-L7 directed against the fragment 1,2 of HMW-KGN, a unique histidine-rich region; and HKG-L17 directed against the light chain of HMW-KGN. A single band with a mol wt of 60,000 corresponding to that of normal LMW-KGN in isolated HMW-KGN deficiency, was detected with HKG-H12. Thus, together with the data shown in Table 1 , the lack of any molecular abnormalities of KGNs in either deficiency state was confirmed. Our results regarding the KGN gene status in the total KGN deficiency state indicated that no large deletions or insertions of the KGN gene were present, in spite of extensive restriction analysis using EcoRI, HindIII, and BamHI, for which the restriction map of the KGN gene has been clarified.
There is strong circumstantial evidence that CpG dinucleotides are hot spots for mutation in man. The proportion of CpG in sequenced genes is 31% of that expe~ted.'~ A usually high frequency of polymorphism has been found using restriction enzymes whose recognition sequences contain a CpG din~c1eotide.l~ In fact, most cases of inherited disorders of blood coagulation, such as hemophilia A (reported so far as nonsense mutations to a stop codon), have been detected with Taq I, which has the dinucleotide CpG in its recognition s e q~e n c e . l~. '~-'~ However, no abnormal bands could be detected upon Taq I digestion in either deficiency state.
EcoR I 6am H I
The absence of large gene deletions or insertions in total KGN deficiency, together with the absence of an abnormal KGN molecule, could be considered to represent a possibility of stop codon formation as a result of one point-mutation in the 5'-flanking region with a CCAAT box, a TATA box, or an enhancer region (called a promoter region), as pointed out for the @-globin gene in @-thalassemia.19-*' Further possibilities are an abnormality of the cap codon region, indicating the starting point of translation, an abnormality of processing from pre-mRNA to mRNA (especially insufficient formation of normal mRNA due to variations in the base arrangement at the donor site on the 5'side and at the acceptor site on the 3'side of the intron in splicing), or further variations of the poly A signal instructing polyadenylation, which is important for the stabilization of mRNA, and trans-acting defects involved in the processing, modification, and secretion of biologically active HMW-and LMW-KGN. These various abnormalities in the mechanism concerning the regulation of KGN gene manifestation of total KGN deficiency should be proved by future analysis involving DNA sequencing.
In isolated HMW-KGN deficiency, abnormal bands were detected with EcoRI, BamHI, Sca I, or Bgl 11. Abnormal bands noted with these enzymes were also detected in the heterozygous state of this deficiency. The fact that abnormal bands were noted with so many restriction enzymes suggested a partial deletion in intron 7' (from restriction mapping with EcoRI and BamHI for the human KGN gene), rather than abnormalities in the formation of each cleavage site for each enzyme (Fig 5) . The fact that no abnormal band was detected with Hind11 and no deletion was confirmed may be due to only a small part of exon 7 being present at the cleavage site of Hind111 including intron 7, and the lack of hybridization of the cDNA used as a probe. It is known that the human KGN gene is composed of 1 1 Hin d I11 
